A new design of fully automatic system was built up to produce multiwalled carbon nanotube (MWCNT) using arc discharge technique in deionized water and extra pure graphite multiple electrodes (99.9% pure). The goal of the experimental research is to determine the yield of CNT in two different cases: (a) single plasma electrodes and (b) multiplasma electrodes, particularly 10 electrodes. The experiments were performed at constant parameters (75 A, 238 V). The obtained CNT was examined by scanning electron microscope (SEM), transmission electron microscope (HRTEM), X-ray diffraction (XRD), and thermogravimetric analysis (TGA). The results showed that the produced CNT is of type MWCNT, with a diameter of 5 nm, when using multiplasma electrodes and 13 nm when using single plasma electrodes. The yield of MWCNT was found to be 320% higher in case of comparing multielectrodes to that of single plasma electrodes. Under the experimental test conditions, a yield of 0.6 g/hr soot containing 40% by mass nanotube was obtained in case of single plasma electrodes and above 60% in case of multiplasma electrodes.
Introduction
Carbon nanotubes (CNTs) were observed in 1991 by Iijima who employed a method used to fabricate C60 fullerenes [1] . The properties and characteristics of CNTs are still being researched heavily and scientists have barely begun to tap the potential of these structures. CNTs have many unique and remarkable properties (chemical, physical, electrical, mechanical, and biomedical), which make them desirable for many applications, such as electronics, biology, medicine, energy, materials engineering, and aero science [2, 3] . Therefore, CNT yield production is very important because it controls the price of the product. Rajashree et al. (2009) and Chai et al. (2004) reviewed in detail CNT technology and its applications [4] [5] [6] . The common different methods for synthesis CNT are arc discharge [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] , laser vaporization [18] , and chemical vapor deposition (CVD) [19] [20] [21] . Among several methods for preparing CNT, the arc discharge is the most practical method for scientific purposes because it yields highly graphitized tubes due to the high process temperature [22] . Multiwalled carbon nanotube (MWCNT) produced by electric arc discharge method is highly crystalline and exhibits fewer defects than MWNT produced by other methods [23, 24] . In the arc discharge method, a voltage is applied across two graphite rods as electrodes. Carbon from the anode vaporizes and condenses on the cathode as nanotube, amongst other forms of carbon [25] . To increase the yield and the purity of CNT by arc discharge, many research works have been devoted to study the rate of yielding through the investigation of various effective parameters such as submerged media, current intensity, applied voltage, electrode size, and electrode movement speed [26] [27] [28] [29] [30] [31] [32] . After production of the nanoparticles, a purification method by sonication and centrifugal separation will be conducted. In the present research, a number of electrodes are used in a fully automatic system in order to produce MWCNT, using arc discharge technique in deionized water. The results are compared in terms of the yield and purification of the CNT, in addition to the thermal resistance with that of conventional single electrode. 
Experimental
MWCNT was synthesized by a fully automatic designed apparatus using arc discharge technique in deionized water without catalyst at two different cases a single electrode and ten electrodes. The advantages of this apparatus compared to the existing arc discharge method are that it represents a cheap method equipped with fully automatic system. The gap between the electrodes can be set automatically by using a timer which results in an increase yield of carbon nanotubes. Figure 1 illustrates a view of the designed and manufactured machine. Five electrodes are clamped with left movable holder as cathodes which are moved by used power screw connected with steeper motor through an oldham coupling.
Other five electrodes are clamped with the right fixed holder as anodes, as shown in Figure 2 . A timer giving a signal to the steeper motor after every 70 seconds to compensate the electrodes consumption, the interval (70 seconds), has been identified experimentally. The height of the two holders can be adjusted by two bolts; Yousef et al. (2012) reviewed with details the designed system and its experimental procedure [33] . 
Synthesizing MWCNT Using Single Plasma Electrodes.
Two electrodes are used in this experiment. The two pure graphite electrodes are clamped to the fixed and movable holders presenting one electrode as a cathode and another as anode, as shown in Figure 3 
Synthesizing MWCNT Using Multiplasma Electrodes.
Ten electrodes are used in this experiment. Clamping the ten pure graphite electrodes, five electrodes as cathodes, and five as anodes in the fixed and movable holders, respectively, as shown in Figure 4 (a), the experiment is performed under Table 2 summarizes the processing parameters used in this case. In order to reach the strong bright plasma in the multielectrodes arc discharge technique, the electrodes must be submerged to a depth of 30 mm in deionized water. The fixed gap between the faced electrodes is 1 mm. After clamping the multi electrodes in the two holders, the gap between the electrodes ends is set to a distance of 1 mm from the control unit. Due to the holders assembly manufacturing and electrode dimensions and sizes in terms of tolerances and allowances and probability of small misalignment of electrodes centre, the gaps between all electrodes are not equal. Therefore, the bright plasma generated will not complete until the gaps between all electrodes reach exactly 1 mm. Timer was used to give a signal to the steeper motor every interval of 70 seconds to compensate the electrodes wear.
Sample Preparation
The generated nano particles can be divided into two types: carbon nano particles that float on the water surface and sediment products, as shown in Figure 5 (a). Due to the use of a large quantity of deionized water (about 13 liters) in each experiment, it was found that it is difficult to separate CNT from the deionized water by direct centrifugal. Therefore, it is decided to evaporate the water initially by heating until obtaining about 0.25 liters as shown in Figure 5 separation and decantation by using the centrifugal effect. CNT crude with distilled water was put in the glass tubes in the apparatus with running speed of 4000 rpm for 8 minutes.
Due to the high specific gravity, the particles precipitated in the bottom of the glass tubes. After getting rid of the water, the precipitated particles were grouped in one glass tube. The tube was then placed in a furnace at a suitable temperature for fully soot drying as to shown in Figure 6 . To find the yield of CNT, soot was heated in a close furnace up to 600 ∘ C for 2 hours [34] [35] [36] then weighed, the soot was weighted before and after oxidation and the percentage weight loss was calculated.
Results and Discussion
The morphology of MWCNT synthesized by a new design and the degree of purification were observed by SEM BPI-T as well as HRTEM: JEM-2100 and X-ray diffraction (XRD) and Shimadzu TGA-50H for the two different cases; single and multiplasma electrodes were evaluated. 
X-Ray
Diffraction. X-ray diffraction (XRD) is known to be the best method for characterization of CNT structures. Figure 7 shows the XRD pattern of the purified CNT for the two studied cases. At the single plasma electrodes case the strong and sharp reflection peak was found at 26.388 ∘ and for the case of multi electrode at 26.398
∘ . The presence of these peaks in the XRD pattern of CNT indicates the concentric cylindrical nature of graphene sheets nested together and the nanotubes are multi-walled in nature [37] . Figure 8 illustrates the SEM images of a synthesized CNT at single and multi plasma electrodes. It is clear from the figure that aligned needles tubes resembling spaghetti shape were produced. It is worth noting that the percentages of aligned needle at multi electrodes are much larger than single plasma electrodes. For the purity of MWCNTs, by quantifying the percentage of unwanted materials per unit area within the sample SEM images, it is possible to estimate a degree of purity (e.g., 90% tubular material, 5% spherical particles, and 5% irregular objects) [38] , the results have indicated that about 55% (single plasma case) and 70% (multi plasma case) were obtained as shown in Figures 8(a)-8(b) , respectively. 
Scanning Electron Microscope.

High-Resolution Transmission Electron Microscope.
HRTEM, JEM-2100, operating at 200 kV was used to characterize the MWNT synthesized for the two studied cases.
At single plasma electrodes case, the TEM images have demonstrated that the resulted was typically of 7-20 nm in diameter, as shown in Figure 9 . On the other hand, for the multi plasma electrode CNTs were typically of 3-10 nm in diameter with configuration of nanotubes ends (capped) as shown in Figures 10 and 11 . The inset shows the elemental analysis (EDX) which reveal that the total raw samples synthesized for the investigated cases were of highly purity and of good crystallinity. This refers to that there were no other elements found in the analysis, except some minute copper element which resulted from the copper gird in TEM device, as shown in Figure 12 .
Thermogravimetric Analysis.
The thermal stability of the synthesized CNT on all samples was analyzed by the thermo gravimetric analysis (TGA). Figure 13 shows the result of the TGA for the studied cases. There is no difference in the diminishing temperature for CNT which were synthesized at single plasma electrodes and multi-plasma electrodes. The graphitic particles started to oxidize at high temperature of about 600 ∘ C. On the other hand, the weight loss in the single plasma electrodes is found to be 17% higher in the case of multi plasma electrodes. Thus, the thermal resistance for the multi electrodes was better than that of the single plasma electrodes.
Conclusion
The fabrication of MWCNT was achieved by a new designed "fully automatic system" for producing it by using AC arc discharge technique in deionized water for two different cases, the first is single plasma and the second is multi plasma electrodes. The experimental conditions of tests were: 75 A and 238 V which produce CNT of 5 nm in diameter. The total yield in this research was observed to be dependent on the number of the electrodes used in the experiment. The yield of MWCNT in the case of multi electrodes is found to be 320% higher than that of single plasma electrodes before oxidation. After oxidation, the ratio was found to be nearly the same. Furthermore, it was found that the purity of MWCNT for single plasma electrodes was 40% yielding with 0.6 g/hr. On the other hand, the purity of MWCNT for multi plasma electrodes was found to be more than 70% yielding with 2 g/hr.
